ABSTRACT: To date only a few two-dimensional (2D) magnetic crystals were experimentally confirmed, such as CrI 3 and CrGeTe 3 , all with very low Curie temperatures (T C ). High-throughput first-principles screening over a large set of materials yields 89 magnetic monolayers including 56 ferromagnetic (FM) and 33 antiferromagnetic compounds.
In contrast to fermions in nonmagnetic systems, such as massless Dirac fermions in borophene, black phosphorus, Cu 2 Si [9] [10] [11] [12] [13] , and massive Dirac fermions in graphene and bilayer bismuth [14] [15] , few types of fermions in 2D magnetic systems are proposed, implying the scarcity of intrinsic magnetic 2D crystals. In particular, 2D magnets with massive Dirac fermions can support quantum anomalous Hall state leading to topologically protected spin current, promising for low-power-consumption devices. Unfortunately, the state is only realized in 2D materials with non-intrinsic magnetism at extremely low temperature (e.g. 30 mK for Cr-doped (Bi,Sb) 2 Te 3 thin film) [16] [17] [18] [19] [20] [21] [22] , hampering its extensive applications. Therefore, discovery of 2D magnets at an elevated temperature is of great importance, providing optimal platforms to enable realistic spintronic and quantum devices, as well as to realize new electronic states.
To date 2D magnetic materials are limited to marginal modifications to existing compounds, for instance by: (i) adsorbing hydrogen on graphene 23 ; (ii) reconstructing surface/edge [24] [25] ; or (iii) creating defects in MoS 2 nanosheets 26 . The intrinsic 2D ferromagnetism has only been observed in atomically thin CrI 3 and CrGeTe 3 , only accessible at a low temperature of ~40 K [27] [28] . The absence of ideal 2D magnetic materials indicates that traditional trial-and-error approaches to discover new materials are not effective. Recently, computational screening from existing material databases presents an essential tool to accelerate materials discovery [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] . Hence, the big challenge to identify monolayer magnets may be addressed by high-throughput calculations based on density functional theory. The computational screening process is schematically shown in Figure 1 . We start from a 2D materials database obtained by screening Materials Project data (with ~65,000 entries) using the topology-scaling algorithm 29 . As shown in Figure 2 compounds. As shown in Figure 2b . It is clear that ternary compounds top the list, followed by binary, quaternary, and quinary compounds. All magnetic monolayers contain transition metal (TM) atoms, indicating that the design of magnetic monolayers should be restricted to TM-containing materials.
To determine magnetic ground state, the total energy of antiferromagnetic (AFM) state (E AFM ) is compared with that of FM state (E FM ). With regard to the magnetic structure of AFM state, checkerboard configuration is adopted preferentially. When the self-consistence convergence of computation fails for checkerboard case, stripe configuration is also considered (see Figure S1 for details about magnetic configurations 39 ). As shown in Figure   2c , 2d, 2e, there are 56 (33) FM (AFM) monolayers, consisting of 21 (12) binary, 27 (12) ternary, 6 (7) quaternary and 2 (2) quinary compounds. Binary FM monolayers are mostly halides, while chalcogenides dominate ternary magnetic monolayers. The magnetic monolayers can be further classified by their structural prototypes. Binary magnetic compounds mainly include the prototypes with composition of XY 2 and XY 3 , possessing space groups of 31 Pm and 31 Pm , respectively. Anions therein belong to VI A and VII A groups of elements, and cations are mostly from the TMs in the fourth and fifth element rows.
Unlike the binaries, there are rich structural prototypes for ternary compounds, which can be used as prototypes to extend the candidate list to a larger compositional space by atomic substitution. This candidate list also serves as a guidance towards experimental synthesis of FM and AFM monolayers (see Table S1 , S2 and S3 for details 39 ).
Next, the Curie (Néel) temperature T C (T N ) is calculated to give the upper limit of the transition temperature of screened FM (AFM) monolayers. The critical transition temperature of ferromagnets T C and antiferromagnets T N in the mean field approximation is calculated by [40] [41] [42] [43] 5 / 12
where E FM and E AFM are the total energy of magnetic monolayers with N magnetic atoms in 
where n and n' are band indexes, and are velocity operators along x and y directions. As shown in Figures 3b and 3c, other at the energy of 0.13 eV, resulting in a nodal ring around Γ point. Each crossing point on this ring is double degenerate, which is different from quadruple Dirac ring in 2D Cu 2 Si 11 .
Moreover, because each cone on the ring has type-II band dispersion, it is dubbed type-II Weyl ring here, which may possess intriguing topologically nontrivial electronic properties.
Due to weak SOC of Sc and Cl atoms, the band gap on the ring is negligible, as shown in Figure 4d . This type-II Weyl ring almost occupies half of the FBZ [ Figure 4c ], leading to easy observation in experiment using e.g. angle resolved photoemission spectroscopy.
In conclusion, we have identified 89 magnetic monolayers, including 33 binary, 39 ternary, 13 quaternary and 4 quinary compounds through high-throughput computational screening based on first-principles calculations. We find 24 monolayers with higher T C than that of experimentally confirmed ferromagnet CrI 3 . Furthermore, from these high ■ ASSOCIATED CONTENT
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